INTRODUCTION 54 6
II-like epithelial cell line) (kindly provided by Dr. Jeff Whitsett) were cultured and used. After overnight 127 serum starvation (1% FBS), cells were either treated with vehicle or LPS. 128
Transgenic mice 129
The mice bearing the tdTomato cDNA under the control of -861/+32bp-FRA-1 promoter were 130 generated on C57BL/6J background by the Transgenic Production Service (TPS) Core facility at the 131 University of Illinois at Chicago. Briefly, tdTomato cDNA fragment bearing the -861/+32 bp FRA-1 132 promoter was excised by double digestion at Dra III and PvuI restriction sites. The digested DNA 133 fragments were separated, extracted from the gel using gel extraction kit (QIAGEN, MD, USA), and 134 microinjected into fertilized C57BL/6J mouse embryos at a single cell stage, subsequently implanted 135 into pseudo-pregnant C57BL/6J female mice. Transgene positive line(s) was detected using tail 136 genomic DNA using the following primers: F: GAGATCGAGGGCGAGGGCGA and R: 137
GGTGCCGCGCATCTTCACCT. FRA-1-tdTomato transgenic mice (referred as FRA-1
TdTg mice) were 138 maintained by crossbreeding them with non-transgenic C57BL/6J mice and used for experiments. 139
140
Mice bearing the Fra-1 "floxed" allele were obtained from Dr. Erwin Wagner (10). The deletion of Fra-141 1 allele using Meox-2 Cre transgenic mice was performed in order to generate Fra-1 Δ/Δ mice (10). In 142 these mice, Fra-1-GFP fusion protein is detectable upon activation of endogenous Fra-1 promoter 143
(10). All experiments with FRA-1
TdTg and Fra-1 Δ/Δ mice were conducted under a protocol approved by 144 the animal care use committee, the University of Illinois at Chicago. 145
Characterization of Fra-1-tdTomato reporter system in vitro 146
To assess the promoter responses, A549 stably transfected cells were treated with TPA, a potent 147 inducer of FRA-1 transcription. The level of FRA-1 promoter-driven tdTomato expression was then 148 visualized using fluorescence microscopy (Nikon Eclipse, TE2000-S, USA), and fluorescent7 photomicrographs were captured under constant exposure times. Fluorescence and phase contrast 150 images were processed with Image ProPlus 5.1 software. 151
In vivo imaging 152

FRA-1
TdTg and Fra-1 ∆/∆ mice (8-10 week-old) received 30 µl of sterile PBS (vehicle) or LPS (100 µg or 153 60,000 EU/ mouse) by intratracheal (oropharyngeal) instillation. To perform fluorescence optical 154 imaging in live animals, the fur was shaved under isoflurane narcosis 16 h prior to imaging, and then 155 live imaging was conducted using the Xenogen IVS 200 imaging system to detect photon flux system. 156
After that, mice were sacrificed and the excised lung tissues were imaged in epi-illumination mode to 157 determine the signal intensity with an excitation of 570 nm and emission of 620 nm filter sets. Bright 158 field photographs were obtained and merged with fluorescent images using the same imaging 159 system. 160
Escherichia coli pneumonia in the ex vivo human lung 161 162
Ex vivo human lung pneumonia model was described previously (17). Briefly, the right or left human 163 lung declined for transplantation was intratracheally instilled with E. coli (10 9 colony-forming unit, 164 CFU). Following 6 h of E. coli instillation, tissue samples were fixed in paraformaldehyde, and tissue 165 sections were used for immunofluroscence staining analysis, as detailed below. 166
Histological analysis 167
Mice treated with vehicle or LPS were sacrificed, and lungs were perfused with PBS to remove blood. 168
Then, the left lung was instilled with Tissue-Tek OCT compound and snap frozen in OCT. Lung 169 sections (5 µm) were imaged using confocal laser scanning microscopy (CLSM) (see details below). 170
The right lung was frozen immediately with and without RNAlater (Ambion) solution for subsequent 171
qRT-PCR and western blot analysis, respectively. 172
Real-time RT-PCR analysis 173 8
Total RNA was extracted from lung tissues, mouse and human cell lines using TRIZOL reagent, 174 reverse transcribed using qscript cDNA supermix kit and subjected to real-time PCR analysis. The 175 expression levels of mouse endogenous Fra-1 (F: CCAGGGCATGTACCGAGACTA; R: 176 CTGCTTCTGCAGCTCTTCAA), tdTomato (F: ACCTGGTGGAGTTCAAGACC; R: 177 GTGATGTCCAGCTTGGTGTC), IL-1β (F: GCCTTGGGCCTCAAAGGAAAGAATC; R: 178 GGAAGACACGGATTCCATGGTGAAG), IL-6 (F: AGTTGCCTTCTTGGGACTGA; R: 179 TCCACGATTTCCCAGAGAAC), TNF-α (F: AGCCCCCAGTCTGTATCCTT; R: 180 CTCCCTTTGCAGAACTCAGG), and β-ACTIN (F: AACGCAGCTCAGTAACAGTC; R: 181 GCAAGCAGGAGTACGATGAGT) were quantified using fluorogenic SYBR Green and detection 182 system. In THP-1 cells, gene expression was performed using human primers for FRA-1 (F: 183 GGAAGGAACTGACCGACTTCCT; R: CTTCCGGGATTTTGCAGATG), IL-1β1 (F: 184 CCTCCAGGGACAGGATATGGA; R: CAACACGCAGGACAGGTACA) and β-ACTIN (F: 185
GCAAGCAGGAGTATGACGAG; R: CAAATAAAGCCATGCCAATC). The absolute expression value 186
for each gene was normalized to that of endogenous control and the values from PBS samples were 187 set as 1. The number of mice used in each experimental condition is indicated in the figure legend. 188
Western blot analysis 189
The whole protein lysate isolated from lung tissues and cells was separated on a 10% SDS-PAGE 190 and transferred to nitrocellulose membranes, and probed with primary antibodies against Fra-1, 191 tdTomato, GFP, β-actin, and α-tubulin. Immunoreactive bands were detected with appropriate 192 horseradish peroxidase-conjugated secondary antibodies and visualized by enhanced 193 chemiluminescence detection reagent. 194
Immunofluorescence staining and confocal microscopy 195
To observe co-localization of reporter gene expression with epithelial cells, frozen lung sections were 196 incubated with primary antibodies specific for SPC, TTF1, RFP and GFP. To monitor co-localization Fluorescence images of as many as 3 colors were captured sequentially, using 385 to 470 nm 209 emission for DAPI, between 505 and 550 nm for GFP, and emission between 575 and 615 nm for red 210 fluorescence. For GFP staining, sections were examined by immunofluorescence microscopy with 211 appropriate filter combinations. 212
Statistical analysis 213
All data involving cell culture and mice studies were collected by an investigator or technician blinded 214 to the specific experimental group. Data were expressed as the mean ± SD or SEM as indicated. 215
RESULTS
218
Validation of FRA-1 driven tdTomato expression in vitro 219 revealed TPA induced FRA-1 promoter-driven tdTomato expression (Fig. 1D) . However, our in vitro 229 characterization revealed that both -861/+32 and -379/+32 constructs exhibited higher and similar 230 kinds of responses. Hence, we chose -861/+32 construct in order to generate Fra-1
TdTg reporter 231 mouse, as the -861/+32 construct is larger than the -379/+32 promoter and it may harbor other cis-232 elements necessary for a stronger activation of FRA-1 promoter in vivo. 233
Imaging of FRA-1 promoter driven tdTomato activation by LPS in vivo 234
First, we performed the whole body live imaging and found that this imaging was not sensitive or 235 quantitative because of the auto-fluorescence and light absorption by melanin and hemoglobin 236 present in both uninjured and injured lungs (data not shown). However, these issues were far less 237 evident for ex vivo imaging of lung tissues following perfusion with PBS. To establish whether 238 tdTomato fluorescence could be visualized in situ, the lungs from FRA-1 TdTg mice were imaged at 24h 239 after LPS administration, and the images acquired using the Xenogen system. Specific tdTomato 240 signals were found in the lungs of mice administered with LPS; however, either weak or undetectable 241 signal was observed in mice instilled with PBS ( Fig. 1E, 
top panel). Wild-type mice instilled with LPS 242
were imaged under the same conditions and served as a negative control. To reveal that tdTomato 243 activation specifically localized in the lungs of FRA-1 TdTg mice instilled with LPS, the spleen was also 244 included in the imaging (Fig. 1E, bottom than PBS-treated mice at 6 h, 12 h and 24 h (Fig. 2D ). The number of total infiltrated cells was 267 significantly greater than PBS-treated mice at 3 h, 6 h, 12 h and 24 h (Fig. 2E ). Lung inflammation 268 was mainly attributable to increased accumulation of neutrophils (Fig. 2E) . We have observed a 269 transient but significantly decreased number of macrophages at 6 h post-LPS treatment, but their 270 number returned to basal level by 12-h time point (Fig. 2E ). The state of lung inflammation was 271 further verified by increased expression of IL-1β, IL-6, and TNF-α (Fig. 2F) . 272
Characterization of FRA-1-tdTomato activation in lung cell types 273
Having demonstrated an increased FRA-1-tdTomato expression in the whole lungs and lung extracts 274 of LPS-challenged mice, we determined whether expression could be visualized in situ in lung tissue 275
TdTg mice instilled with PBS and LPS by CLSM. Results revealed the presence of 276 basal level red fluorescence in the vehicle-treated lungs. Lungs from LPS challenged mice showed 277 strong fluorescence at the end of 24 h (Fig. 3A) . Lungs from LPS challenged wild-type mice showed 278 no fluorescence (Fig. 3B) . 279
280
In an attempt to understand the cell types that express tdTomato in response to LPS, we performed 281 immunohistochemical (IHC) analysis with 24 h LPS-treated lung samples (Fig. 4) . As vehicle-treated 282 lungs were showing only weak signal, we selected only 24 h LPS-treated samples for double 283 immunostaining. To detect tdTomato expression in different cell types, we performed co-localization 284 of epithelial cells with tdTomato using anti-TTF-1 and anti-RFP antibodies, respectively. Though lungs 285 of LPS-treated mice showed higher fluorescence, anti-RFP antibody was used to enhance tdTomato 286 signal as leaching of in situ signal occurred while performing immunostaining. As shown in Fig. 4A , 287
tdTomato expression was co-localized with only a few TTF1 +ve epithelial cells, whereas, staining of 288 lung tissues with F4/80 antibody (Fig. 4B) imaging as the GFP signal was too weak to be detected by the Xenogen IVIS system. However, we 298 did perform RT-PCR using GFP-specific primers, and western blot and immunostaining analysis 299 using anti-GFP antibodies. In Fra-1 ∆/∆ mice, we were able to analyze Fra-1 expression by utilizing 300 primers located in exon 1 and exon 2. Fra-1 activation in Fra-1 ∆/∆ mice is significantly high at the end 301 of 24 h LPS treatment (Fig. 5B) . . As expected, an increased level of GFP expression was observed 302 at 12 h post-LPS instillation (Fig. 5C ), which was further enhanced significantly at 24 h and the results 303 are correlated with results of FRA-1 TdTg mice (Fig. 2D) . We confirmed LPS-induced inflammatory 304 response in these mice by histopathology (not shown) and by analyzing pro-inflammatory cytokine 305 expression (IL-1β, IL-6 and TNF-α), which was significantly higher than vehicle-treated controls (Fig.  306   5D IHC analysis showed increased GFP expression in the bronchiolar region and interstitium in response 310 to LPS and that GFP was localized with alveolar epithelial cells and also in macrophages (Fig. 6A and  311 
Fra-1 activation in human lungs infected with E. coli and LPS-stimulated human 313 macrophages 314
To address the relevance of the above data to human disease, FRA-1 expression was analyzed in 315 cadaveric human lung tissue sections intratracheally instilled with E. coli ex vivo for 6 h. We observed 316 elevated levels of FRA-1 expression in few epithelial cells located in bronchio-alveolar region of E. 317 coli-instilled lungs (Fig. 7A) . However, FRA-1 expression was predominantly localized in interstitial 318
tissue with an influx of inflammatory cells, especially macrophages (Fig. 7B) . Consistent with this 319 result, LPS stimulated FRA-1 expression in human macrophages (THP-1 cell line) in vitro (Fig. 7C) . 320
LPS-induces Fra-1 expression in lung alveolar macrophages but not in alveolar epithelial cells 321 in vitro 322
We performed additional in vitro experiments to determine the effects of LPS on Fra-1 response in 323 alveolar-like epithelial cells (MLE-12) and macrophages (MH-S). As presented in Fig. 8A , LPS did not 324 cause a significant increase in Fra-1 and pro-inflammatory cytokine IL-1β expression in MLE-12 cells 325 even at higher dose of LPS treatment for 6 h, although IL-6 and TNF-α induction was modestly but 326 significantly increased. Next, we analyzed Fra-1 activation in alveolar macrophages (MH-S cell line; 327 leukocytes in the alveolar space, accompanied by pro-inflammatory gene expression (Fig. 2) . 359
While tdTomato expression is low in the transgenic mice in a constitutive state and LPS-stimulated 360 FRA-1 reporter activity, we were unable to non-invasively detect changes in FRA-1 promoter 361 activation (tdTomato expression) by whole body imaging. However, ex vivo imaging of tissues by 362 the Xenogen system showed significant fluorescent signal in the lungs of mice treated with LPS. 363
An uneven distribution of tdTomato fluorescence signal observed in the lungs of LPS-treated mice 364 is consistent with the heterogeneity of experimental lung injury in animals and in human ALI/ARDS 365 (13). Our analysis revealed higher fluorescent signal was mainly associated with infiltrated cells 366 within the lung, and in the bronchioles and interstitium of mice treated with LPS. 367
368
Our results suggest that the early induction patterns of Fra-1and tdTomato are similar in response to 369 LPS, albeit subtle variations exist in their magnitude of induction and translation of mRNA. Gene 370 expression analysis revealed that the expression of td-Tomato transgene was lower than that of 371 endogenous Fra-1. Additionally we found that, unlike endogenous Fra-1 levels which remained high 372 at the end of 12 h, tdTomato mRNA was transiently declined to basal level at this time point, but 373 elevated above basal level at 24 h post-LPS instillation. There are several plausible reasons to 374 explain these differences: (1) promoter elements are often quite large with additional regulatory 375 elements, but here we used only -861/+32 bp FRA-1 promoter, which may lack necessary enhancer 376 regions for complete activation, (2) mouse transcriptional regulatory elements may be less efficient in 377 LPS significantly stimulated Fra-1 expression in alveolar macrophages. In contrast, LPS even at 398 higher dose failed to stimulate Fra-1 expression in alveolar epithelial cells (Fig. 8) . Likewise, we 399 found that LPS, unlike phorbol ester TPA and H 2 O 2, poorly stimulates Fra-1 expression in human 400 shown that early release of cytokines by LPS-activated alveolar macrophages may contribute to 419 alveolar epithelium activation and chemokine release (28). Given the fact that alveolar epithelial 420 cells express low levels of TLR-4 receptors and respond poorly to LPS exposure in terms of 421 cytokine and Fra-1 mRNA expression when compared to macrophages (Fig. 8) , it is likely that the 422 Fra-1 activation that we noted in our studies in alveolar and bronchial epithelium could be due to 
